In o u r continuing efforts to dem o n strate the m olecular target o f azadirachtin, we now provide evidence o f the activity o f azadirachtin A and sev eral related com pounds on the Spodoptera fru gi perda ovarian cell line (Sf 9), which is currently in wide use as an in vitro eukaryotic p ro tein expres sion system.
A zadirachtin A (I, Fig. 1 ) is the m ost p ro m in en t isom er o f a series o f lim onoids (te tra n o rtriterpenoids) which are p resent in the seed kernels o f the tropical neem tree, Azadirachta indica A. Juss. The azadirachtins affect g row th, re p ro d u c tio n and m etam orphosis in diverse insect tax a [1 -3 ] . H ow ever, w hereas the corpus cardiacum has been iden tified as a target fo r azad irach tin [4] , its m ode o f action on a m olecular level and, consequently, its m olecular target is still u n know n. T he sta n d a rd bioassay for evaluating the g ro w th -d isru p tin g ac tivity o f azadirachtins follows the effects on m eta m orphosis o f the M exican bean beetle, Epilachna varivestis M uls. [5] . T his highly reliable test, how ever, requires up to three weeks each, d ue to the re tard a tio n o f larval an d pupal developm ent after azadirachtin treatm ent. T here is a chance for over com ing this disadvantage, for ro u tin e screening prim arily, by im m unological o r cell culture tech niques.
N o instance was fo u n d in literatu re o f ev alu at ing the biological activity o f azad irach tin in an in sect cell culture system , w hich w ould be the basis for a fast and reliable assay w hen co m p ared w ith the existing bioassays. Cell lines have prim arily been derived from a wide variety o f lep id o p teran species. U se o f such cell cultures w ould also pave the way for answ ering several questions a b o u t the in vivo m olecular targets o f azad irach tin . L ep id o p teran cell lines derived from Manduca sexta have, e.g., been used to address questions a b o u t chitin synthesis an d d iflubenzuron activity [6] . In o u r continuing efforts to dem o n strate the m olecular target o f azadirachtin, we now provide evidence o f the activity o f azadirachtin A and sev eral related com pounds on the Spodoptera fru gi perda ovarian cell line (Sf 9), which is currently in wide use as an in vitro eukaryotic p ro tein expres sion system. 
Materials and Methods

Insect cell culture
Incubation with botanicals
A zadirachtin A (I), ohchinin (II), salannin (III), and volkensin (IV), w ith their structures presented in Fig. 1 , were purified using stan d ard protocols [7] , The com pounds were dissolved in 30% e th a nol/w ater and added to the culture flasks at a con centration o f 1 jig/ml o f the m edium . A control flask was m aintained containing only the solvents. T he flasks were kept at 27 ± 1 °C for altogether 48 h and the cells m onitored at every 12 h interval u n der an inverted m icroscope. P hotom icrographs o f the treated and control cells were m ade after 48 h.
Processing o f the cells
The cells were harvested, w ashed in p h osphate buffered saline and used for 2 D protein analysis or stored for later use. The to tal protein content of the cells under v arious treatm en ts was estim ated using the Biorad D C protein assay kit. The 2 D peptide m aps o f the total proteins were perform ed based on m ethods described in the literature [8] , T he 2 D gels developed after silver staining [9] were co m pared w ith respect to the to tal num ber o f poly peptides. (Fig. 2B) . A lready 24 h after treatm en t nearly 50% o f the total cell p o p u latio n was noticed to aggregate and float. A fter 48 h the architecture o f the m onolayer was com pletely lost and only few cells were seen float ing as com pared to the control (Fig. 2 A) . In the (Table I) .
Results
A critical exam ination o f the 2 D P A G E gels o f the norm al S f9 cells and after the various tre a t m ents also show ed quantifiable differences in the total num ber o f polypeptides (Table I ). The disapkensin treatm ents are provided in Fig. 4 , w hich inpearance o f several polypeptides w as uniform to dicates a reduction in 35.0, 29.2 and 31.9% o f the all the four treatm ents. H ow ever, azad irach tin spots, respectively (Table I) . A com parison m ade treated cells show a reduction o f 77.9% polypepw ith these com pounds using a m am m alian cell line tide spots in com parison w ith the co n tro l (Fig. 3) .
(Chinese H am ster O varian cells, A T C A C at. N o. There are also polypeptides which resist as well 1001) did not bring out any change in the m onoazadirachtin as oth er treatm ents. T he changes ob-layer as well as in the 2 D polypeptide p attern (data served in the cases o f ohchinin, salannin an d vol-not shown). F o r azad irach tin A and its host o f isom ers the only sta n d a rd bioassay dem o n strated so far is the Epilachna assay. A diverse spectrum o f insect spe cies o f agricu ltu ral an d m edical im portance are re po rted to be sensitive to azadirachtin [12, 13] . They extrem ely differ in the response dose and in the type o f response exhibited. A unique and reliable test p ro to co l using an in vitro m odel will be o f great value to ex trap o late the results for la b o ra to ry and field situations. T he Sf 9 cells offer such an o p p o rtu n ity due to the easy availability, estab lished m edia and culture protocols. C u rren t exper im ents w ith S f 9 cells indicate the activity o f azadi rachtin on these ovarian cells. The m oderate to no activity o f o th er com p o u n d s such as ohchinin, sa lannin and volkensin reflect the level o f activity in vivo in the Epilachna assay. The drastically re duced level o f p ro tein after azadirachtin A tre a t m ent and the suppressing effect on the num ber o f polypeptides are reflected by a sim ilar effect on the 2 D polypeptide p a tte rn in the desert locust, Schistocerca gregaria, brain and hem olym ph [14] . But in no case such polypeptide spots were found in the insect cell culture w hich after azadirachtin treatm en t h ad been induced in these locusts. The arrest in grow th an d subsequent proliferation o f azad irach tin treated S f 9 cells indicate the efficien cy o f this substance to directly encounter the cell m em brane w ith o u t the aid o f any carrier molecule as m ay be the case in vivo. Sterilization o f the ova ries in locusts and o th er insect species due to azadi rachtin treatm en t m ay also be due to a direct grow th d isrupting effect on the o v arian cells rath er th a n indicating a ho rm o n al suppression, or by both. T he rem arkably specific and high effect o f azad irach tin on insect cells is also reflected th ro u g h its inactivity against m am m alian cells. Studies on the n atu re o f suppressed (cytosolic/ m em brane) proteins, cell cycle specific interference and evaluation o f o th er cell lines derived from di verse insect tissues can narrow dow n our current und erstan d in g tow ards the m olecular target o f azad irachtin. F u rth e r studies are in progress at our lab o rato ry in this direction.
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